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ANIMAL FgED ADDmVE AND METHOD FOR 
IMACTTVATIN Q MYCQTQyiNS PRESENT IN ANIMAL FEEDS 

BACKGROUND OF THE INVENTION 

TWs invention relates to a method for inactivating mycotoxins wMch may be present as 
comaminaras in animal feeds by adding a phyllosiicate/sequesiram formulation to animal feed which will 
function as a mycotoxin inactivating agent 

Mycotoxins, chemical sub st a n c es produced by ubiquitous fungi, can make the difference between 
profit and loss to the poultry and livestock industries. Animals are extremely vulnerable to mycoioxins due 
to the common practice of diversion of mycotoodn contanrtinated agrictitural commodities to animal feed. 
Thus, mycd to x ic oses. or mycoioxin-induced diseases, frequently occur in animals. 

It Is readiy apparent from a review of scierttific literature that the most studied and prevalent of 
these agents are the aflatoxirts. a group of dosely related polysubstituted coumarin derivatives, which are 
biosynthesized by ffayyg and oamsMeus species of Aspern/ffus fungi The aflatoxins have invoked much 
concern as toxic food and feedbonr\e agents following the discovery that they; 1) are potent carcinogens 
and mutagens. 2) are stable In foods and feeds and are relatively unaffected by a variety of processing 
procedures, 3) can be found as resklues in the tissues of animats and humans, and 4) are associated with 
animal arxj human disease. 

A preponderance of poultry and llvesiock exposure to aflatoxins is chronic in nature and occurs 
through the ingestion of low levels of these cticmicals such as •marginally contaminated' rations which do 
not increase the mortality rate nor result in otJVkDUS signs erf diseasa Instead, chronic exposure to 
aflatoxins results In economically importartt effecu In animals such as depression of growth rates, feed 
conversion, and alteration of immunocompetency which can result in increased susceptibility to infeaion 
and decreased abBity to resist suess. 
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Numereus approaches to reduction at anatoxin levels In agricuituiai commodities have been 
«^era^ assessed. These include mbdng and dilution with aflatodivfree grains in oider to obtain a 
wWHn regiiatoiy guide^ Le. 20 ppb or less; physical methods of separation such as cleaning, 
density segregation and preferential fragmentation: solvent extraction: Uologiral InacUyation: thennal 
Inactlvaiion: and chemical Inactlvation with a variety of adds, aldehydes, oxidizing agents and alkaiies. 
These approaches have been teiattveiy unsuccassfii on a commercial scale due to iacic of efficacy, 
economic constraints of the protocol, unaccaptabia alteration of feed quality, or the introduction of 
potentially deleterious substances. Gonsaquemly. simple, cost effective, practical and safe processes by 
vrtifch animal feeds can be decontaminated or detoxified are in great demani 

The present applicara has recognljBd the widespread detrimental effects of afiatoxins In animal 
feed and has developed an additive which effectively tjinds allatoxina or othenwiM 
during ingestion by animals. The bound or InactKfirted aflatoxins are subsequently excreted In the 
feces restitlng In iWe or no detrimental effects on the antaials. 

Clays such as montmorilonite have previousfy been Incorporated Into poultry feed at leve^ 
as one percent of the animal ration as m U.S. Pat Na 3.687X80. Effects accompanying the addition of 
rpormaiaetaa included Increased growth rate and body weight of the chickens and reduced mortality 
rate. Dhtoy additions of zeolites (Smith. J. Anht»l igso Vol. S0(2). pp. 278-285). bentonite 

J^g' T?^in \ IPl^ygitY yrf fiiiflnf; . Canada 1982) and spent bleaching day from canola ol refining 
(Smith. Can, 4, AnffTffll (^ffiftp^ . 1984. Vd. 64. ppu 725-732). have been shown to diminish the adverse 
effects of T-2 toxin and zeaialenone in rats and immature swine. The adsorption of afiatoxin Bi from 
various liquid media by various day minerals, induding montmorinonites. has t>een reported (Masimanco 
et al.. Ana <jg NiffriHqn ^Ilm'>mt1tina 1973 Vd. 23. pp. 137.147). 
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SUMMARY OF THE tNVgfmON 

Accordtngty. ft Is the object of the instant Invention to provide an animal feed additive which 
eitmtnates the adverse effects of mycotoxins. espedatty aflatoxins. which are presM in the feed without 
promoting undesirable side effects in the animals such as weight loss. It Is a further object of the instant 
invention to provide a method to prevent the effects of mycotoxin (aflatoxin) Intake in animals, espeda&y 
poultry and swme. through the cojolnt administration of mtrtimai amounts of these additives with normal 
animal feeds. 

The present Inventors surpnsingiy have discovered that the incorporation of a second Ingredient 
chosen from a group of sequestrants commonty used in food processing, alor^ with a suHaUe 
phyilosiicate capable of Inactivating a mycotcodn, preferably a montmoraionite day. produces a materiai 
exhubittng heightened capacity for adsorbing aftatoxin in Wtro and fuither that such materials also exhibit 
substantially enhanced capabBlty for reducing the effect of exposure to aflatoxin in vNo, 

Further, it has been discovered that such formulations can be utilized as feed addfttves to 
effecttvety bind mycotoxins, such as aflatoxina, which are ingested In contunction with animal feed, the 
bound mycotoadn^ddmve complex is not significantty adsorbed durvig digesdon arxi it Is then excreted in 
the feces of the animal. 

tt appears that the additives, that Is. me phyUosaicate/sequestrant comptexes. which are utStzed In 
the present invention as feed additives and suppiements. act as t^oseQuestrants which promote the 
maintenance of normal body weight gains in animals such as poultry. These addiUves reduce the levels of 
parent mycotoxins. especially aflaicsdns. which are avaSabte for assimSailon in their digestive tracts during 
feeding. These addWves effectively bind the mycotoxins and eliminate them in the feces. These additives 
are effective when used in minimal amounts as feed additives for providing protection against 
mycotoxicoses during ingesUon and digestion of the animal feed which Is contaminated with mycotoxins, 
particularty aflatoxins. The additives of the present Invemton are combined with a sulwtantiany comolete 
animal ration in mirK>r amount, for examole. an amount ranging from 0.05 to 1.5 weight percent of the 
raoon, preferably 0.1 to 0.5 weight percent, most oreferably 0.2 to 0.6 weight percent of the feed ratioa 
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One aspect of the invention com|wisas a dry paittcuiate animal feed addlUve comprising partdea 
erf a suttable phyttosSlcate mineral coated vfith a mJiw amount of a water^uUe sequestering agent In an 
amount sumdent to enhance the mycctoxin inactivating capacity of the phyilosaicaie mineral. 

Another aspect of the invention comprises a dry sofld animal feed composition in which 
biodegradatiie feed ts contaminated vwth a mycoioxin and Is adn^ed with a minor amount of a mycctoodn 
inacthratlng agent comprising panides of a phyttoslicate mineral capable ci inactivating mycotoxins, the 
phyUosiicate mineral partides kaeing coated with a sequestering agent In amourtt suffteert to enhance the 
mycotoxin inactivating capacity of the phyttositaate mineral. 

In the preferred embodiments of the inventioa the phyUosKcate is a smectite day. most preferaWy 
a moriirnoraionite day in wWch the ratio of divalent plus trivalent/monavalent exchangeable cations is 
greater than 7. 

The preferred phyttosaicates used In practice of the mverttkx* are montmorinonite days which are 
lowwn to possesses two Wnds of binding sftes: 1 ) those located on the basal planes of the day paitWea, 
and 2) those located at the edges of the day panides. Although the IdottHycf the sites iovdved m binding 
aflatojdn is untaiown, three possibSllles exist: 1) Wndlng Is occurring only on basal sites; 2) binding is 
occurring onfy on edge sites: or 3) binding b occuning on botfi basal and edge sites. One surprising 
aspect of the present invention is that the tncorporatkai of various sequesirants actuatty enhances binding 
of aftatooon even though some of the sequestrarils used in the present invention are phosphate and 
pdyphosphate saits which are known (Theng, The Oiemistry of OayOrganic Reaction*. John Wley & 
Sons, NY. 1974, pp. 264-268> to bind selectiveiy to edge sites (thereby rendering them unfit for binding 
other molecuies). Under these circumstances it was expected that if case 1 were operative, there should 
be no effect of the added phosphate: if case 2 were operathre, there should be complete inhibition of 
aflatoxin bindfrig, and if case 3 were operative, there should be some degree of inhibition. But for none of 
these cases was it expected that there would be an increase in aflatoxin binding even though that is what 
was aaually ot)served. 
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BRIEFDESCRIPTtON OFTHE DRAWINGS 

Figure 1 . Aflatoxtn binding capacity versus sequestrant *AP" toading on day A. 

Figure 2. AAatcsdn binding capacity versus sequestrant type arxi loading on day B. 

Figure 3. Aftatoxin binding caoadty versus sequesttant 'AP* loading days B,C,0, and E. 

Ftgure 4. Aflatoodn bMing capadty versus sequestrant type arxl loading on day A. 

Rgure 5. Allatcsdn binding capacity versus selected sequestrant/day comt>inattons. low 
sequestrant loadings. 

Figure 6A.6. Anatoxin In blood serum of chickens fed sequestrant/day versus day alone: 20 ppb 
and 80 ppb aftatoxin challenges, respecUvety. 

Figure 7A,B. Sanne as above expect thw tissue. 

Figure 8-1 1 . DeojcynivalOToi. zearalenone. ochratoxin A. citrinin binding capacity versus 
sequestrant type and loading on day B. 

Ftgure 1Z Structural formulas for some common mycotoxins. 

DESCTtPnON OF PREFgRRgP EMBQDtMENTS 

AddttKres of the invention are utfltzed as small granules or powvders and shoUd t^e thoroughly 
mixed with the antmat feed by any suitable manner prior to feeding. The terms •artimal feed* or feed 
ration* as used in the present Invention refer to any natural and processed or otherwise modified orgaivc 
materials which are susceptible to t>lodeterioratlon and which can be consumed by animals or birds for 
nourishmenL Examples of such organic materials would range from freshly harvested grains to peitetlzed 
feeds. The prefen^ animal feeds for use tn the instam Invemton are poultry and Uvestoctc feeds. 

The additives which can be utilized in the instant invention as mycotoxin (such as aftatoxin) 
inacirvating agents indude various sequestram/phyilosiiicate formulations wherein the phyllosiiicate 
pomon of the formulation is preferably a smectite type day. Structurally, phyUosiUcates are essentially 
made up of layers formed by condensation of shew of linked SI(O.OH)^ tetrahedra vnth those of linked 
^^2,3x0^^5 octahedra, where M is eriher a divalent or trivaient catkjn or combination thereof. In addition xo 
possessing the aforementioned propenles. smectite days also possess a lesser arrK)unt of mobile 
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(exchangeabfe) cations that can be easdy solubSlzed when these ciays are added to water. PhyUosaicate 
minerals indude pyrophyatte. talc vermicuilte. micas, kaoUnites, and serpemines as w^l smecdtas. 
aosely related to the phyttosiicates are the fibrous day minerals tndudlng attapulglte and sepidite. 
Examples of the preferred smectite days are: mohononHonite. Na-montmohllonfte. Ca-mommorilonite. 
Na-bemonite. Ca-beriton^e. beidefllte. nontrorute, saponite, and hectorite. Most preferred are those 
montmorittonttes possessing reiattvely hfgh exchangeable cation ratios (Le.- greater than 7). 

The sequestrant portion of the sequestranc/day formulation would indude food-grade sequestrant 
salts used in food processing. A partial list of stich substances woUd Indude: sodium* caldum and 
potassium acetates: sodium, calcium and potassium atrates as weti as the free add arxl monoisopropyl. 
monogtyceride stearyf and triethyl derivatives thereof: disodlum ddtydrogen and disodtum caldum salts of 
ethyleriedianmetetraacetic add (EOTA); caldum and sodium gluconates: oxystearin; ortho phosphates 
(monocaldum acSd. dibasic potassium, sodhim ahmunum. dibasic sodium, monobasic sodium, tribasic 
sodium); metk phosphates (caldum hexameta. sodlurn hexameta); pyro phosphates (tetrasodium, sodium 
add): sodium trtpdyphosphate: caldum phytata: sodium md sodium potassium tartrates as well as the 
free add: and sodium thlosuHate and mbetures thereof. 

Many of these sec^iestrants. for exampi* dtrate salts and corvimed phosphate salts (B.g., pdy 
and pyrophosphates) are day dispersams. It to worth nodng that althougtt condensed phosphsue salts and 
dtrate salts can aa as either dispersants (substances for txinging fine partides in water into suspension 
which usually decreases vtocosit^ or flocculants (sut>stances for brirtgtng fine partides in water together to 
form aggicxTierates wtUch usually increases viscosity), the levels used in these preferred embodiments 
causes them to act primarily as flocculants. Accordintfy, ainK>st all of the sequestrant/day slurries 
prepared in the foUowing examples exhibited much higher viscosities than the corresponding pure day 
slurries. This vrould seem to rule out simple dispersion (and increased available surface area) of the day 
partides as the rriecharusm by whk^h^thartced adsorption of afiatoxin is achieved. 



wo 91/13555 



PCr/US91/01498 



-1' 

A typical Preparatton of a prgferred seoiiestram/phvltQsaicate formirfatton ts as follows: 

1) Di$5o^^e sodium tripolyphosohate<STP) In water (10:90 parts 

2) Add STP solution to dried (-25 wr% loss-on-lgnitlon) and ground (60-100 mesh) 
mommor^lonite day in pugging machine such that the STP and day are p^sent in a 4:96 
parts/wt ratio (dry basis). 

3) Pug day/STP /water combination for 1 5-30 minutes to effect intimate mbcture of ingredients. 

4) Extmde the day/STP/water mbcture (S/IC or S/B* die). 

5) Dry resultant peQets (15-25 wt%ioss<kn-ignltton)tn tray or rotary drier. 

6) Grind pellets to form granules (1&60 mesh) or powder (100-200 mesh). 

Another examnte of a nroftPdnre to prepare a preferred fermutation would be as follows: 

1) Dissdve leirasodium pyrophosphate (TSPP) In water. 

2) Add the TSPP solution to montmorilonite day such that the TSPPiday ratio is 4:96 and the 
resuttam day/TSPP/waier slurry contains 15 wt% solids <day ^ TSPP). 

3) MkcornponemsforOOnwmjtesusingaTalboyfnixer. 

4) Spraydrythernbdureusinganysuitabletypecrf spray drier siich that resiiltarun^ 

have most of their diameters in tl^te 60-€0 micron range and possess 3-5 wt% free moisture. 

The foUowing examples Slusirate the Inramion and are not considered restrictive of the invention as 
othenmse described herein. 

EXAMPLE! 

The following in vitro tests were performed to demonstrate the enhancement in afiaioxin Bl 
binding capacity that results when a Ca-montmorillonite day obtained in Mississippi (Oay A) was coated 
with vanous levels of sodium acid pyrophosptiate. in this example, a day slurry v«s prepared by mixing 
the dried (8-12% free moisture) and ground (93-97% T-IOO mesh) day in water (20 wt% sdids). and then 
adding different amounts of sooiiim acid pyrophosphate to the stirred slurry such that the desired 
sequesiram level (dry wi. basis) was obtained. The components were mixed for 30 minutes and then 
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pourea imo evaoorating dishes ana placed tn an oven at 90-1 to ovemignL After drying* tne samples 
were putvenzed tn a nammer mill ana suoseouenny screened to obtain a -325 mesh fraction for funher 
testing. Moisture eoment surface area, and pore voiumes for these preparations are listed In Table i. 

in wtro t)tndlng studies were conducted usmg these materMs as foOows: A weighea samole of 
additive was puded into a dean 16X12S mm disposable glass test tube. To this was added 5.00 mi of 
dlstfiled water. The tube was vonexed for 15 sec and then placed In a 37 **C water bath and allowed to 
equaibra» f or 1 hr. After i hr, 40Mg of aflatoxInBl was Introduced (In a iMO/M^sotudony. The tube was 
vonexed for 15 sec and then reiumed to the water bath ar)d allowed to stand at 37 °C for 15 mta The 
supernatant was carefully decanted into a dean test tube. The supernatant was then extracted to recover 
the remaining rnycoioxin. 

The supernatant was extracted 3 times with 2 ml pontons of dicMoromethane. The 
dichloromethane solutions were comtxned and evaporated to dryness under a niuogen stream prior to 
analysis. The dried residiw from the aflatoxin binding study was redissotved In a known vdtme of 



TABLE 1 

AFLATOXIN Bl BINDING VS SALT LOADING 

CUVY A/SODIUM ACID PYROPHOSPHATE 

SURFACE ; PORE I SALT ; H AFB1 BOU?iD 

H LOCXD ! AREW2) |V0LUWEt3) j l^OAOINQ \ 

QlOogj (so.ntfQ)i 



(wt%> I LEVEL 1 



LEVEL2 



59 
57 

42 
36 
27 
17 
IS 



0.093 
0.085 
0.089 
0.082 
0.077 1 
0.067 I 
0.057 ! 
0.044 t 



0 
2 
4 

6 

8 
10 
15 

20 i 



49.0 
58.3 I 
59.2 I 
61.8 I 
56.7 
52.7 
51.7 
46,7 



99.2 ; 
98.5 ; 

99.2 1 
96.9 ! 
98.5 i 

98.3 : 
99.2 : 
99.4 



(1 ) LOD » wi% loss on orying ai 1 1 0 degrees C for 4 hrs. 
iZ) Measured by BET meinod. (3) Measured by BHJ metnod. 

Level 1 - 1 mg sonDem/40 ug toxm. 

Level 2 - 100 mg soroent/40 ug io»n. 
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chlorofonn. 2 (il cf this sduikm was spotted on HPTUC piate (An^ech) and developed using a 9/1 
cMorotonn/acetone (v/v) solvent system. Quantitation was made by visual connparison to knoMm 
quantities of anatoxin B1 spotted on the same (iate. Analysis of the aflatoxin controls was by GC/MS as 
weHasHPTlC. All samples were run in triptlcata. Tewhydrofuran (THF) which had been fresWy rtsliR 
from sodium metal was used as the deJivery sotvent for aflatoxin B1 . The percent recovery of aflatoxin B1 
from the supematarit was detemuned from control samples run for each The percent recovery 

of aflatoxin Bl was conslstentty found to be 1 00% for each experknenl - as conflrmed by GC/M S , TLC and 
HPLC quantttatSon. 

As shown by the data In Table 1 and the associated graph (Rgure 1). there is a sutstamial 
enhancement in the amcnmt of aflatoxin bound when the day contavis sodium acid pyrophosphate 
sequesiranL According to the graph shown in Rgure i , a maximum in enhancement achieved wtien the 
day contains about 6 wt% of the phosphate salt Qearty. higher levels of phosphate sail lead to reduced 
efficiency Gf bindbig; in the extrerne case when the day containa 20 vtM 

actually somewhat beiow that of the untreated day. WhSe the reasons for thb reduced binding effk;:iency 
at higher san toedirigs Is unknown, ft Is worth nodng (Table 1) that both surface area and p 
as satt levels tncrease. Thb suggests there may be a trade off between the enhancement in binding 
caused by adding the sequestrant and the reductions It causes to auiiace area and porosity. As expected, 
higher levels of addUve bind more of the toxin (compare tsvel 1 vs. Level 2) - when 100 mg of soroem are 
used with the starxlard aflatoxin sdiftioa esseritialiy all of the mYcotoxm 

EXAMPLE II 

The fottowing in vitro tests were performed to demonstrate the enhancement in aflatoxin 81 
binding capacity and siabaity that results when a Ca-mommoriilonite day obtained in Mississippi (day B) 
was treated v«th vanous levels of different (salt) sequestrams. Oven dried samples were preoared as 
descnt>ed in Example 1; spray dried samples were prepared as previously described {vide suora). 
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In vitro binding stixiids were conducxed using these niateriais as follows: A weighed sampfs of 
addiUve was placod into a dean 16X1 25 mm disposable ^ss test tube. To this was added 5.00 ml of Type 
HI water (equivalent to double^Qled dekxuzed water). The tube was gendy agttated for IS sec and then 
placed in a 37 ^ water bath and allowed to equ9tbrate lor 1 hr. After 1 hr. 40 Mg of aflatoxin B1 was 
introduced (in a iMg/pl sdutloo). The tube was vortexed for 15 sec at 15 mtn intends (15^, and 45 min). 
After 1 hr, the tube was cenirifuged for 5 min at 1 200 rpm to yield a pellet at the bottom of the tube, and a 
clear supernatant liquor above. The supernatant was then carefully decartted into a dean test tube. The 
supematam was then eaoiactfid to recover ihe remairting miycoto)dn to determine (capacity oO binding. 
The residual day was extracted to determine strertgth (stabaity) of binding. 

The supematam vras extracted 3 times with 2 ml portions of dlcWoromethane. The 
dlcWoromethane sdutlons were comtrfned and evaporated to dryness under a nitrogen stream prior to 
analysis. The dried residue from the aftatoxin binding study was redissohred in a known vdume of 
chloroform, 2 jil of this sohxUon was spotted on HPTLC plate (Analtoch) and developed using a 9/1 
cWoroform/acetone (v/v) solvent system. Qttaittltatkxi was made by visual comparison to icnovm 
quaraitieso<aftatoxinBl spited on the same plate- Addillonatty, an aliquot of the cWoroforrnsoiutton was 
injected omo a Water HPl^ system (norrnal phase radial compression cdun^ Pon's solution was used as 
a njnning phase). HPLC detection was by UV absortance at 365 nm. The quantiiatfons were made by 
direct compahsoris to a standard curve gerierated vvith krKTwn quarrtities ^ 

InvjTm Stal^ Httv Tests; 

The resxiual day from the 60 min binding studies was extracted by first suspending the day in 3 ml 
of methanol. This was allowed to stand at room temperature for 5 mm at which time the suspension was 
cemrifuged for 5 mm at 1200 rpm. The methanol was decanted into a dean test tube. The pellet was then 
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resuspenoea tn S mt of dicMorommnane and alloweo to stand at room temperature for an additional 5 mta 
At this time tne suspension was carefully decanted Into the first (methanot) extract. The organic phases 
were es^porated to dryness unaer a nitrogen stream and aratyzed using the same procedure as that used 
"In the capacity study. The amount of llghdy txxirxJ (stable) town was assumed to be the diHerence 
between the amount of toxin initially added and the anrnmt recovered from t)oth the aqueous phase and 

the extract from the residual day. 

Wtth regard to stabaity of tslnding. Table 2 contains the data on the percentage of aflatoxin firmly 

bound to these formulaitons when subjected to the staMfty test procedure descnbed Asisdear. 

these formulations form extremely stable complexes with the aflatoxin and most retain greater than 95% of 

the afiatoxm once it Is adsoroed. 



TABLE 2 

AFLATOXIN B1 BINDING VS. SALT LOADING 
EFFECT OF SALT TYPE WITH CLAY B 



SALT 
TYPErt-OADING 



SALT 
CODE 



APB1 BP^DiNG CAPACrrV 1 AFB1 BINDING STABtLTPr 



0% i 4H I 7% 1 10% i 0% I 4% I m 



10% I 



|NaTh«osuttaie ST 

jfia curate SC 

;ca Gluconate QG 

'Somttd SB 

Na Tanrate TT 

EDTA E0 f 

OiNa Ptiosonaxe DP 

■ HaAddPyrcp ft oaonate AP 

iNa HeacamacaoAOGonate HP 

iTeiraNa Pyropno acm ate T4P 

i Na TrtpoiypnocDfate T3P 
•NaProotonaxe SP 
Ca Phyiate CP 

. Spray drMNa Citrate SSC 
Soray dned fla Acid Pyroonosonate SAP 
• Soray drted TtraHa PyroofMaonaf STS 



88.3 i 87>B i 95>0 I 94TT 



88.3 i 95,0 I 95.0 I 92.5 



98^ I 
98.3 I 



98.5 I 99.4 



98.4 I 



97.4 I 97.0 



95.5 



88.3 I 90.0 i 81.7 I 80.0 t 98.3 I 99.2 1 96.3 \ 95.5 



88^ I 87.5 I 95.0 I 92^ ^ 98.3 t 89.0 i 96.0 I 95.0 



88.3 I 92.5 I 95.0 I 97.5 ! 98.3 i 96.0 I 91.5 I 98.8 



88.3 I 95.0 \ 97.5 I 98.0 I 98.3 I 97.0 I 99-0 I 99.8 



88.3 i 97.0 1 97.5 i 97.0 i 98.3 I 98.0 i 99.3 I 96.3 



88.3 i 92.S \ 90.0 i 87.3 I 98.3 I 99.7 1 99.2 I 98.5 



88.3 I 97.0 \ 92.5 i 98.0 I 98,3 I 99.5 I 99.2 I 99.0 



88.3 I 97.0 I 97.S I 9S.0 I 98.3 I 98.5 I 9S.S 1 97.0 I 



I 88.3 I 92.5 I 95.0 1 97.0 i 98.3 i 98.5 I 35.0 I 98.3 I 

i 88.3 I 92.5 I 87.5 I 82.5 \ 98.3 i 97.4 I 97.0 I 94.3 ; 

I 88.3 \ 85.0 1 77.5 i 87.0 I 98.3 I 92.0 1 97.1 \ 98.9 : 

I 88.3 I 98.0 1 97.5 i 97.0 I 98.3 I 98.7 I 98.8 I 96.3 

i 88.3 I 92.5 ! 95.0 i 90.0 \ 98.3 I 99.9 I 99.4 i 99.6 

1 88.3 I 97.0 I 92.5 \ 88.0 I 98.3 \ 97.7 ' 95.7 ' 95.0~ 



BINDING CONOmONS: 



1 mg someni/40 ug toxin 
DichiorometnarYe 
i 60 mtn/37 oC 



50 mg sorbenV40 ug :oxm 
MeOH/ Acetone 
60 min/37 oC 
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j TABLE3 

i PHYSICAL PROPERTIES VS. SALT LOADING 

\ EFFECT OF SALT TYPE WITH CLAY B 

{. ^^'^ SALT i BET SURFACe AREA tam/Q) i BHJ PORE VOLUME (cc/g) 
\ TYPE/LOADING CODE i Q% I 4% I 7% I 10% I 0% I 4 % I 7% i 10% 

iBJTA 

NaAcMPyTcoftmu m* 
Na HflocanvMaohowuta 

NlTriobtyphcnoimt 

Spray drttd TtraNa Pyrooftospnaf STS 



SB 1 


88 1 


45 1 


28 1 


22 1 


0.14 1 








5) 1 


88 t 


41 i 


24 1 


18 1 


0.14 1 


0.11 1 


0.07 1 


0.06 1 


AP I 


88 1 


79 1 


75 1 


66 \ 


0.14 1 




- \ 


^ i 


HP 


88 1 


74 1 


71 1 


72 1 


0.14 1 


0.1^ t 


0.12 i 


0.12 1 


T4P 


88 t 


74 1 


77 1 


64 1 


0.14 1 


0.13 1 


0.13 i 


0.11 t 


T3P 


88 1 


75 I 


85 1 


74 I 


0.14 1 


0.12 1 


0.13 1 


0.11 : 


STS 


88 ( 


68 1 


78 1 


54 1 


0.14 1 


0.16 1 


0.16 1 


0.15 i 



As sna*n in Rgure 2, practically aU of me sequestrara salts utfllzed in day/seauestrant 
terminations enhanca the binding capacity for aflatoodn over the base day (0% loading). The only 
exception is cateium phytate wrtilch seems not to improve binding capadty. Althougn the percentage salt 
loading required to achieve maximum enhancemem in aftatoxin binding capacity varies from one salt to the 
nextf most seem to reach a maximum before 10 wt% 'oe sail Is added. As mentioned above, surface area 
and pore vdume for these formulations generafty decrease vrtth Increasing salt loadings (see Table 3). 



The foilowing /n wiro tests were performed to demonstrate that the enhancemem in aflaioxin Bl 
binding capacity that results when a variety of montmoriBonite days are treated with vanous leveis of 
different (satii sequesoants depenos on complex imeractlcns t>etween the particular day/seouestrant 
combinatwn being uiaized. as wett as the level of the sequestram being used. Sampes were prepared as 
aescnbeo in Examole I ana in vttro caoacity tesw were performed as descnbeo in Example II. 

The cata in Table 4 (see also Figure 3^ snows dearty that oniy one of the four source ctays (day B) 
exRibiis ennanceo capacity for aflaioxin 81 wnen treated with sodium acxj pyropnosonata (AP^ at levels in 
:he range 7-21 wi%. This snows that wnh some days, the pomt of maximum enhancement in binding 
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capacay is reacned even before 7 wt% of the sequestiant salt has been aoded. Thb result Is in essermat 
agreemen vntti the oata presented tn Example L Ftgwe 4 shows >Nhat happens when anoiher source day 
(Ciay A) Is soniarty treated with vanous other sequestrant satts. 



TABLE 4. EFFECT OF CLAY AND SALT Tr PE 
AFLATOXIN B1 BINDING ON CLAY/SALT COMPLEXES 



% AFB1 BOUND (1 MQ SOnBEW/40 uG TOXIN) 



SL&Y 1 


SALT LOADING (Vmft) 


SALT 


SALI 1 


CODE 1 


0% 1 


7%fc 1 


14H 1 


21% 




COOEI 




69.5 1 


73.7 


66.4 


65.0 


OtNaEUTA 


EDI 


1 


69.5 


74,6 


62.4 


60.1 


NaQtraia 


SC j 




69.5 


60.1 


69.3 


61.7 


Na Hramataohoopruta 


hp! 


; i 1 


69.5 


57.0 


53.0 


41.4 


OlNaPhosDiuta 


opj 


B ' 


89.3 


95.8 


92^ 


93.8 


Na Acid Pyrconosonatft 


AP < 


C 


82.9 


t 82.9 


j 81.1 


j 82.2 


i tHBO 


AP \ 


• D 


77.8 


i 62.B 


63.9 


46^ 


I QHBLO 


AP i 


'. E ■ 


92.6 i 91.2 


I 77.1 


1 75.9 


1 Ditto 


Api 



1 % AFBI BOUND (10 MG SORBENT/40 uG TOXIN) 


1 CtAY 


! SALT LOADING (Vm%) 


SALT 


SALT 


1 CODE i 0% 1 


7H 1 


14% 1 


21% 




CODE 


A 


1 94.9 


95.0 


92.5 


91.7 


DINaBTTA 


5) 


A 


94.9 


93.4 


87.8 


88.2 


NaCftrata 


SC 


A 


94.9 


93.4 


93.7 


90.4 


Na HflxaiMiaoDoflphaia 


HP 


A 


94.9 


81.8 


80.4 


85.0 


OINaPhtttpAata 


OP 


c 


i 95.2 


97.2 


96.6 


95.1 


Na Acid PyropnoeQnaia 


AP 


1 D 


' 97.7 1 95.2 


94.7 


92.1 


onto 


AP 


' E 


96.3 


1 93.9 


95.9 


94.6 


Oino 


AP 



This sxamDiQ. tharafore. illustrates the fact that the opttmtjm salt tevei for achieving maximum 
afiatoxin binding is not the same for ail comt)inatlons of sort)ents satts. Thus, for tnstartce. the 
disooium satt of EDTA and sodium citrate exhibit enhanced binding when 7 wt% sail tevas are uiatzed. but 
two other salts, hexamataohosphate. and dlsodium phosphate apparently have already exceeded their 
optimum Dy the nme 7 vrt% levels are litiltzed. This suggests that ootimum ctay/seauesirant ccmtsinaiions 
must t)e aetemttneo indtvidiciiy. 
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The fofiowing in vnro tests oemormrate that the desired ennancement in anatoxin B1 binaing 
caoaoty is optfthum at around 4% satt loaotngs whan mommordionite aays are coaied with dMerenx 
sequestrants. th addttlorw the data presented tn this example indicate thai certain types at mommohUonae. 
particuSarty those characterized by high dl- and trivaient/monovatent exchangeable cation ratios, are most 
suitaE)le for preparing enharKed capacity toxin soft>ertts by the methods of the instant invention descnbed 
hereta Samples were prepared as described In Example I except that generally ^her solids contents 
were employed (24-38 wt%) with the exception ol Qay C where onty 9% solids ware employed. In vara 
capactfy tests were peitermed as descnt>edfri Example il. 

Table 5 iists tr^e chemicai artd phystcai properties for trte montmonaonrte days used in this senes. 
As snown by the data in Table 6 (see also Rgure 5). those days possessing relatively high (-f2.+3/*i) 
exchange caibh ratios (Oays A. B. D) are also the ones exhitutlng enhanced anatoxin binding capacity 
after treatment with relatively ipw levels of various, sequestrant salts, regardless of whettier that day 
possesses a slurry pHm the acidic or basic ^de. 



TABLES 

CHEMICAL AND PHYSICAL PROPERTIES OF SOURCE CLAYS 



CODE 




(cc/g) 


(meq/IOOg) 


(slurry) 


(CPS) 


A. ■ 


07 


0.11 


104-112 


7« 


357 @ 36% solids 


8 


62 


0.089 


84-100 


8.75 


375 @ 38% solids 


C 


30 


0.064 


111 


9.68 


1420 ®9%saids 


3 


52 


0.10 


80 


551 


354 @ 38% solids 


E 


39 


osm 




5.10 


323 @ 24% solids 



Surface area (BET method ana pore volumes (BJH meinoa) were measureo simultaneousJV wnh a 
Micromenocs ASAP 2400. 2, Cation excnange caoacity 3. Measureo with BrooKfield viscometer 
> #3 soinoie exceot samoie C. #6 soirxile). 
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TABLE5 (Contd.) 



CHEMICAL AMALYStS tWTSA 

S3Qt £s^, moQ SiQ ijSjfi iS^fi ci-AY^g 



A 


67.6 


20.7 


2.82 


5.44 


3.32 


0.37 


0.19 


Ca-mcmmoriilonito 


B 


67.1 


19.4 


5.87 


3.85 


X10 


0.30 


0.44 


. Ca-fnommoriUontte 


C 


63.5 


21.1 


5.08 


3.41 


4.10 


2.12 


0.70 


Na-montmorinonitd 


0 


67.2 


22.1 


3.80 


4.16 


1.27 


0.32 


1,16 


Ca/AI*fnommonllonit8 


E 


70.7 


20.0 


1.19 


4.67 


2.29 


0.66 


0.51 


Ca/Na-montmorilorute 






EXCHANGEABLE CATIONS <m«i/100 a\ 


EXCHANGE CATION RATIO 










r 




(Olvaltnt <ftrival8nt/fnonovaltnl) 


A 


137.9 


15.8 


4.25 


.38 








33.2 


B 


11S.4 


19.2 


5.18 


.94 








22.0 


C 


58^ 


10.0 


41.7 


Z01 








1.56 


0 


2S.7 


102 


5.74 


.32 


45.4 






13.4 


E 


57.1 


20.2 


11.2 


.41 








6.67 



In contrast thosa days exhibtUng relathraiy low (+Z+3/+ 1) excftango cation ratios (Clays C. E) show tittle 
or no improvemem In toxm binoing caoaoiy wnen veated wWi either of two different seouesirant salts. The 
laner two days also generally possess lower surface areas and pore volumes ir^n do the other days which 
show ennancement in town binoing caoacxcy upon treatment with seauestram sal ts . 
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TABLE6 

PHYSICAL PROPEHTIES/AFLATOXIN B1 BINDING 
CLAY/SALT COMPLEXES; EFFECT OF CLAY/SALT TYPE 



CLAY ! 


SALT i 


SALT! 


SLURRY 




LOSS ON 1 


viscosmr i 


H AFB1 


CODE 1 


CODE i 
1 


LOADING i 






IGNCnON j 


(CPS) i 


BOUND 


1 


(wr%> 1 






(WTW 1 


I 


i 




NONE 1 


0 1 


r.5 1 


2.6 1 


357 1 


79.5 


i 


DP 1 


1 1 


7.3 1 


3.8 1 


712 1 


84,0 




1 


2 1 


7,7 1 


4.3 1 


1428 t 


87.3 






4 1 




1 


2 1 


PASTE 1 


87.7 






1 1 


a-1 


1 


4.2 1 


638 1 


80.5 






2 1 


8.1 


1 


3.5 1 


4 I 


86.7 




1 ..• 


4 1 




1 


4.5 1 


PASTE 1 


87,6 



HP I 



1 i 



7.2 I 



3 t 



258 I 



2 1 



6.8 1 



4.8 1 



265 1 



4 I 



6.4 t 



4,6 I 



219 I 



82.1 



82.4 



86.8 



8 t NONE I . 



0 I 



8.9 I 



5.1 I 



375 I 



89.2 



TP 1 


1 1 


8.8 1 


4.7 1 


5 1 




88.1 




2 1 


9:0 i 


4.7 i 


76 I 




93.9 




4 \ 


9.0 1 


3.3 1 


4480 1 




94.7 ! 


TS 1 


11 


9.6 1 


5.1 t 


26 1 




88.6 < 




2 1 


9,7 1 


4.2 1 


2220 I 


91.5 




4 1 




6.4 1 


PASTE] 


95,7 


HP 


1 1 


8.6 1 


4.5 1 


12 


85.0 




2 1 


8.4 1 


7.8 1 


12 i 


93.8 t 




4 1 


8.1 1 


3.7 1 


148 1 


94.0 


SC 


1 t 


9.1 1 


5.2 t 


880 1 


82.0 




1 2 \ 


9.2 1 


5.7 1 


908 1 


87.9 




: 4 1 


9.3 1 


5.7 I 


1316 1 


93.0 


ST 


1 t 


8.7 1 


4.6 1 


300 1 


86.4 


1 • 


2 1 


8.6 1 


4.7 1 


408 1 


90.0 




4 \ 


8.6 1 


3.4 1 


378 1 


94.5 


1 NONE 1 0 1 


9.6 t 


1 


1420 1 


84.0 




1 1 


9.6 1 


1 


263 1 


82.8 


1 " 


2 1 


9.5 I 


1 


183 1 


72.1 


1 


4 1 


9.6 1 


\ 


24 1 


80.1 


1 


1 1 1 


7.2 1 


1 


9 1 


84.5 


j 


1 2 1 


6.5 I 


1 


6 1 


82.8 




! 4 1 


S.9 t 


1 


3 1 


84.7 



Sa« cmk TPmscatum tnootypnosonata: TS-ifltrasooium oyroonctsonat*: AP^soowra acul oytopnosonai 
HP-soomm nmm«taonoson»a: SC«soautni curat*; ST-sooium tntosutlata: OP»d»ooium pncsonait. 
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TABLE 6 (CONTD.) 
PHYSICAL PROPERTIES/AFLATOXIN B1 BINDING 
CLAY/SALT COMPLEXES: EFFECT OF CLAY/SALT TYPE 



SOURCE : 


SALT i 


LOADINC 




et 1 IQBV 1 


LOSS ON 






AFB1 


CX^Y • 


CODE i 
1 


CWTH) 




'1 


lONmON 




ccps; 1 


BOUND 


1 1 








(WT%> 






1 


1 0 


HONE 1 


0 1 


3.5 ) 


5.6 t 


354 I 


82.4 


1 


TP 


1 


1 


X6 1 


5 1 


298 1 


85.2 


i 




21 


3.7 1 


4.4 1 


230 i 


90.2 


1 




4 1 


4.6 1 


5.2 t 


60 1 


89.6 




! AP 


1 


I 


ZJ \ 


5.4 1 


244 1 


86.9 




t 


2 t 


2.3 I 


5.2 t 


412 \ 


88.6 






4 1 


2.1 1 


5.1 


i 


124 1 


87.0 


E 


NONE 1 0 1 


5.1 1 


2.7 1 


323 I 


92.4 




AP 


\ 1 


1 


4.7 I 


2.3 I 


TOO TWIN \ 


91.8 






1 2 1 


4.5 1 


2.7 1 


4 1 


93.2 






4 


\ 


4.4 1 


2.5 1 


18 1 


92.8 


i 




1 1 


\ 


6.8 1 


3 1 


8 t 


93.1 




1 " 


2 1 


6.B t 


4 1 


1590 \ 


92.8 


1 


1 


4 t 


1 


3.1 I 


PASTE i 


93.0 



Salt cod«: TP»$ooUim tnoolyptiosonait: TS-wrasootum eyroptvooonitt; APiaodlum aod oyroottosortat 
HP-soooim n«xam«iaono8<mat«: $C«soatuni auaia: ST»sodlum mtosuttats; OP-disoaium pnosonata. 



wo 91/13555 



PCr/US91/01498 



-18- 

gXAMPLEV 

_ The foUcMrtng /n mo tests were pertonned to iiustrate the improvement in binding^ afliatoxin that 
occurs when aforrmilatbn of Clay 6 and 4% sodium acid pyrophosphate ts emptoyed in a tiving system as 
compared to usmgurnreated base day (CLAY B). In these expervnems, i week old Arbor Acres X Peterson 
broSer chickens were wing banded and randomty placed In Peternme battery cages, 25/pea 2 
pens/group, i^xcepc for grotipl which coritalnedon^ They were provUed brooding heaters at 95 

5^F. watGf andfeedadi/bdimt. On day 7 the brooder heaters were turr^ down to 90 ^± 5 ^F. On 
day 10 the birds were transferred to a Fetimima growing battery according to a randomizatk)n schedule. 
Ten birds were piaced in each pen and maintained on ther appropriate diets. Each group nt 10 birds 
represertted a sampling period. Ambient temperatures were then matnt^ried at 85 ± 5^F. Troughtype 
feeder iand waxerers were used. 

DOSmG: Between days 13 to 14 (24 hour pmxi) feed consumptkin was detefinined per pen of 
chk:ks, Basod on this feed consumptkMi vaiue. the total amount of ^^C afiatoxin B1 (^^0 AFB1) and 
aflatoxin B1 (AFB1) to be given to the birds was determined. The calctiatad amount of ^^C AFB1 and 
AFB1 and appnoodmately 0-15 gms of feed (either treated with base day. base ciay/4% sodium add 
pyrophosphatet4%], or nomreated. depending on the group) was placed in a smaU geiatin capsUe. 
capat}leofdtssoivu)ginthecrop,arxl passed to the level of the esophagi^ Aft&'dosing, 
the birds were placed back Irtto their peris arxi offered their apprc^>riate 

SAMPUNG: Sample times for each group of was 1/2 hour. 1 hour. 2 hours. 4 hours and 6 
hours. Uvar and blood samples were obtained at these sampling times. The liver samples were 
immediaieiy frozen at -20 ®C. Blood was drawn into 10 ml hepannized vacutainer tubes and immediatelY 
refrigerated (maximum of 6 hours) unti centrifuged arxl the plasma rOTioved and frozen at *20 °C. 

ASSAY: The samples were assayed for ieveis of ^^C AFBl by taking subsamples of individual 
livers (1.0 gmj which were homogenized in 3X volumes of distilled water and 5 frts of chiiorofomi-metharMDi 
(2:1) using a nigh speed* blender. The chtoroform-mettuuiol layer was removed and i^aced in a dear glass 
scimillatkjn vial containing 15 mis of Aquatyte Plus (J.T. Bal(er) sciniillatton cocktal One ml of plasma was 
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added to 19 mis of the scintillaiion cocktaiL Couralng erf the samples was done on a Beckman LS 7000 
Scintaiaiion couraer. Each vial was counted over a period of 5 minutes with an external standard quench 
correction. Counting efficiency was determined by using the AFBl standard- Background counts 
were sidstracted from the total caims before dMdirtg by the samole size arxl correcting for counting 
efficiency. 

FEED UDCtNQ: A standard com-soy starter ration was used. The feed was mixed in a 100 kg 
capacity horizontal paddle mbcer. Additives were comt>ined with feed at levels sufficient to produce mixed 
feeds containing eith^ 0.1% or 0.5% (diy wt basis) addith/es in the feed. Feeds were mixed for 10 minutes. 
The nontreated feed consisted of the basal ratton. 

AFBl PREPARATION: AFBl was obtained from Moravek Biochemical. Brea. CA. The 
specific activity of the AFBl was 100-200 MO/mmole. AFBl was obtained from Sigma Chemicals. 

DATA ANALYSIS: The amoum of '^C AFBl in the liver and plasma was compared between the 
birds treated at the 0.1 % additive level (20 and 80 ppb ^^C AFBl) and 0.5% additfve level (20 and 80 ppb 
AFBl) versus the nontreated birds (20 and 80 ppb AFBl), The pharmacokinetic parameters of rate 
0^ adsorptkxi. rate d eiiminatkan and areaHmder-the-curve were computed for liver and plasma using the 
cunre fitting program ESTRIP (Brown and Manno. J. of Phannaceuttcat Set . 1978, Vol. 67, 1687-1691). 
Analysis o^vananca was pertomwd on the AFBl content of the liver and plasma at each time point and 
the pharmacoWnette parameters determined with ESTRIP. DWerences among the treatments was 
determined using Tukeyslsd test The probabttlty of « type 1 enror was set at the nominal 5% level. 

RESULTS: Figures 6A, 6B and 7A, 7B* which were dertved from the data in Table 7 Wustiate 
graphically what happens to the amount of '*C AFBl detected in blood serum and liver tissue versus time, 
respectively when chicks were fed two levels of radiolabeled aflatoxin in ctiets containing two different levels 
of base day or tase day plus sequestrant For both blood serum and liver tissue, aflatoxin levels pealc 
during the first hour after exoosure and then gradually drop off with time. Qearty, diets containing either 
base day. or those containing base day plus sequestrant provide protection against exposure to aflatoxin 
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■ : TABLET 

IN VIVO BINDING OF C14-RAD10LABELED AFLA TOXIN VS TIME 
BROILEHS: ARBOH ACHES X PETERSON 



UVEA DATA: CLAY B 



1 AFB1 




CLAY ! 


TIME - HRS {% RADIOLABEL VS CONTROU 


1 


1 OPPB) 




(WT%) 1 


as 1 


1 




2 1 


4 t 


6 


1 1 i 


1 I 


201 


0 I 


97 1 


100 




93 I 


78 1 


65 , 


80 1 


0 I 


90i 


100 




91 1 


66 1 


56 


201 


0.1 1 




32 




30 1 


33 1 


25 


. 80 1 


0.1 1 


23 1 


18 




17 1 


20 1 


16 


20 1 


0^ t 


221 


21 




18 \ 


15 1 


12 


80 I 


0^ t 


ie 1 


14 


1 


13 t 


13 1 


8.5 i 


BLOOD DATA: CtAYB 1 


AFB1 




CLAY J 


TIME-HH 


S m RADIOLABEL VS CONTROU 


— 1 


(PPB> 




0.5 1 


1 


1 


41 


6 1 





20 1 


0 1 


48 1 


100 1 


31 1 


21 \ 


1 


80 1 


0 1 


48 1 


100 i 


28 1 


19 1 


I 


20 t 


ai 1 


8^ 1 


23 1 


10 1 


5.5 1 


1 


80 1 


0.1 1 


4.0 


18 1 


12 


4 t 


20 1 


0.5 r 


2.5 


10 


5.8 


1.7 1 


80 1 


as 1 


1.5 


. 9,7 1 


2.1 


0.6 1 


UVERDA1 


•AiCLAYB*4«MiAP- 


AFB1 


ClXf \ 


TIME- 


HRS M RADIOLABEL VS CONTROL) 




(PPB) 


cvmb) 


0^ 


1 11 


2 


1 41 


6 




I I 1 1 


20 


1 0 1 


67 1 100 1 


88 


1 64 1 


39 


1 80 1 0 t 
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as evidenced by the lact that signiiicamty lower levels Gf aflatoxin are detected in blood senim and Ih/er 
tissues as compared to the levels detected in corard grotips (Le. those where feed plus afiatoxin are 
present btA no addith/e; see Table 7). 

— • - 

However, as is ateo apparent, the diets treated with t»s6 day plus sequestrant are stgniftcamiy 

better at reducing aflatoxin detected In blood smim (by a factor of 2 to 4X) and Ihw tissues (by a factor d 

2 to aX) at the 1 hr peak time as compared to diets coritairting only tiase day (wtf^ This 

experimvit. then, provides in mo veriication of the enhancement in aftatoodn binding capacity afforded by 

treating a susceptii)le montmoriUonite day with a typical sequestrant salt used in food processing. 

EXAMPLE yi 

The fdiowtng in vitro tests were pertonned to demonstrate that other mycc^oxins besides aflatoxin 
exh^ enhanced binding when exposed to apprqxiate day/sequestrant formtjiations. In this set of 
experiments, five other commerdatty significant myeotoxirts were examined: deoxynivalend, zeaialenone. 
ochratoxin A, cttrtntn and T-2 toxin. The day/sequestrant samples used in these experiments were the 
same ones as used in Example il. 

The fdicwing modifications to the /n vitro capacity test deschtaed in Example II were utaized In the 
extraction and analysts erf these toxins: 

Extraction Proeedurea 

1) For zearalerKHie. the extraction procedure was the same as for aflatoxinBl. 

2) For ochratoxin A and citrinin. the aqueous phase was acidified with 5 drops of 10% aqueous 
HQ and then extracted twice with 3 mi portions of dichlorom^han& The organic extracts were 
osmbined arxl evaporated to dryness under nitrogen pnor to analysis. 

3) For T-2 arxl deoxyruval^KSl, the aqueous phase was saturated with sodium chloride and then 
extraaed three times with 3 mi portions of ethyl acetata The organic extracts were combined 
and evaporated to dr/ness urxler rutrogen pnor to analysis. 
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Anatvsia Procedures 

1) ForochRttoKinAand dtfinbv the analysis pnxadure vias the same as for aftatc^ 
2} Ftif T-2. deoxynivalenoi and zearalenone, the residue from the extraction of the aqueous phase 
wasdhsotved in40fii of ethyi achate. One(1)Ml of this solutson was added by on-coiumn 
ir^ectton onto a 12 m cross4inked methyl sSlcon capSiary column (0*2 mm LD. with 33 mtcron 
Hm thickness). Infttal temperature was held at 40 fori and then ramped at 40 ^min to 
a finat temperature of 270 ^C. Peaks were quantttated tsy computer comparison of integratkxt 
\Aluesfor the totai to chromatograrrts of indhnd^ 

were subieaed to the same chromatographic conditions. Standards were routinety analyzed to 
ensure that the sensilMy of the GC/MS did not signiftcandy change during the experimenL 
Due to the extensive time requirements for GC/MS ar^iysis, TLC analysts for zeandenone was 
found to be advantageous. 

Binding «)qperirnents were mn at tyradiiferenisorbent levels 100 tng and 10 mg sorbenc/40Ma 
toxin. Rgures 8 - 11 are bar graphs showing the results obtained when 100 mg of the various 
ctay/seduestrar«fonmilaUons were used to bind 40 ag of deoxynivalenol, zearaierxDne. ochiatoxin A and 
citrinin. resoectiveiy. With the exception of zearalenorta binding of other toxtris was iow Cte. < I0%)when 
using only 10 mg of sorbent: therefore only the resdts obtained at the 100 mg level were graphed. T-2 
toxin binding results were rKit graphed becatjse it was determined that transfonmation into diol and trid 
derivatives (sMhtch were subsequentty desorbed) was at least parttaily respcmibia for Its (apparent) 
reduction by binding. 

Nevermeiess, as is dear from the figures, each of the other toxins exhibit enhancement of binding 
in trie presence of some combination(s) of day/seouestrattL That not a// or the same day/seauesirant 
combinations are ^ecuve in this regard is believed to be a consequence of not having detennined the 
optimum ctay/seQuestrant ratio for that particular toxin and seouestrant (eg. - see Example WM Also, it 
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must be kept tn mind that the chomical structures (and consequentiy, reactivities) for these toxins are quite 
varied (see Rgure 12). On this basts, it Is not surprising that the optimum day/sequestrant ratio for 
promoting erthartced binding of a particular mycotoxin would rwc necessariy be the optimum for arusther. 

The tollowvig in wtro test was perfofmed to deiDonstrate that sequestrams enhanced the 
offectiveriess of sort>ent matertala other than montmorilonites tn binding a mycotoxia in this experfmanL 
aflatoxin bortilng to pnosDhate treated (and untreated) pseudoboehmite alumina (a high surface area, 
partiaiiy crystailtrie oxyhydroxide of alumma) arxl pyrophyfllte (a 2:1 phytlosflicate possessing a structure 
identicai to morttmoriQonite but devoid of intertayer cations) were compared to a Ca-montmorffionite 
obtained in Artzona. The phosphate satt used in these experimenis was sodium add pyrophosphate. 

y^yocedure 

A solution ot sodium add pyrophosphate was prepared by adding 50 mg of the salt to water and 
ad{usting to 250 ml in a votumetric flask. An aflatoxin solutkxi was prepared by addbig 1 mg of aflatoxin B1 
to 1 ml of metharK3i (reagent grade). 1 ml of the phosphate solution was then added to 100 mg of the 
sorbem materials described above in a test tube and incubated for 1 hr at 37 in a water bath. Then20Mi 
oftheBI sdutkxivtms added to the rnaterlal In the test tube and Incubated for 2 hrs at 37 ^C. in the case of 
the contrds (without phospfiate). the same procedures were used, but pure water was used In place d the 
phosphate sdutkxt 

After extraction as per Example II. the reskiue was dissolved in 100 iti of chlordorm. 2 pi d this 
sdutton vi/as spotted on a 10x10 cm Anaitech HFTLC^LF sitea gel plate (tot # 20888). The pUte was 
dev^oped with a chlordomi/acetone sdution (9/1. v/v) arxj quantitation was made by vistial comparison 
of fluorescence (365 nmi with known standards ot aflatoxins Bl. B2, and G1 sootted on the same plate. 
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Rttsuns. rsponed in Tabl« 8, show that vrm addition of phosphats saxt snhancas adsorpuon ot 
aflatoxin 61. regamtess o( the soroent type employ^ SlgniOcantty. when the pnospnate satt Is present it 
also inhftsits the fonmatlon of related species ot anatoxin (Le. - B2, Gl) from Bl as, tor example, wnen 
alumra and oyrophytltte are ttve soroems . 

These restjtts show that the use of sec^estrams such as sodium acid pyrophosphate wah vanous 
sortdent matenals to enhance the binding of aflatioxm is a ^nerat phefKxnenon and not resthaed to a 
nanow Class of day rninerals (Le. • rnomrnonUonttes). 
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CLftlMS: 

1. A dry solid particutate animal feed addHtve comprising partldes of a phyllos9icate minerBi 
capable of inactivating mycoioxins, said partictQS being coated with a water-sotubta 
sequestering agent in an amount sufficient to enhance the mycotoxin inactivating capacity of 
said panides of mineral 

2. The feed additive of daim 1 wherein said sequestering agent Is hjnher characterized by bebg 
caoable of dispersffig said partdes d phyltosiicate and is p^sent in amount in excess d that 
required to disperse said parttdes of phyUos9icate in water. 

3. The feed additive of daim 1 wherein said phyttosaicate is a Ngh caidum/low sodium 
montmor^lonite day arxi said sequestering agent is present in amount in the range of about 2 
to 1 0% based on the weight of said day. 

4. The feed additive of daim i wtierein said sequestering agent is selected from the group 
conning of sodium, caidum and potassium acetates: sodium, calcium arxl potassium citrates 
and free add and monoisopropyt, monoglycende steaiyt and triethyl derivatives thereof; 
disodium dihycirogen and disodtum catdum salts of ethylenediaminet^raacetic add: caidum 
and sodium gluconates: oxystearin: monocaldum acid, dibasic potassiura sodium aluminum, 
ciibasic sodium, monobasic sodium, tribasic sodium orthophosphates: caidum and sodium 
haxametaphosphaie: tttrasodium and sodium pyrophosphate: sodium tripotyphosDhate: 
calcium phytate: sodium and sodium potassium tartrates and the free add thereof: sodium 
ihiosulfate: and mbaures of the aforementioned. 

5. The feed additive of daim 2 wnerem said sequestering agent is a phospfiate or citrate salt 
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6. The feed addUve of dalm 3 wherein said moramoriUonite has exchangeable cations whose 
divdem plus trtvatem/monovsdent cation ratio is greater than 7. 

7. The feed addtthre of daim 3 wherem said montnx>rilonite has a sttrface area in the range of 
about 40 to 80 rn^/gnri arid a total pore voitirne in die rarige of atxnn 0.1 1^ 

8. The feed additive of daim i wtwein said phyttosilcate Is coated by spray drying an aqueous 
sturry of phyilosiicate and sequestram 

a The feed addtthra of datrn 1 wheren said phyUosfilcate is coated by rnixirigw 
phyttosilcate with sequestram and then drying and pUvenzing the mixture. 

ia A dry soUd animal feed composition in which biodegradable feed is contaminated with a 
mycotOKln and is admbced with a mycocoodn inactivating agent comprising paitldas of a 
phyUosllcate mineral capable of inactivating mycotoodns. said partides be^ coated with a 
sequestering bqM in an amount sufficient to enhance the mycotoxin tnactivattng capacity of 
saidphyfUssilcata. 

11. The feed composition of daim ia wherein said sequestering agent is further characterized by 
being capable of inactivating mycotoxins when coated onto partides of phyilosSicate in an 
amount sufficient to enhance the mycotoxni inactivating capacity of said phyflosUicate. 

1Z The composition of daim 10 wiierein said pliyllo^lcate is a calcium monimorfllonite. 

13* The composition of daim 10 wherein said calcium nu»Ttmorfilonite has exchangeable cations 
whose divalent plus trivalent/monovalent cation ratio is greater than 7. 
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14. The composition of daim 13 wneretn said morunonllonite has a surtace area in the range of 
about 40 to 80 m^/gm and a total pore volume in the range of about 0.1 to 0.3 cc/gnt 

15. The composition of daim 10 wherein said sequestering agent is selected from the group 
consisting of soc&m calcium and potassium acetates; soditm calcium and potassium dtraies 
and free add and monotsopropyl, monoglyceride steaiyl and triethyl derivatives thereof: 
dlsodium dlhydrogen and disodium caidum salts of ethylenediaminetetFaacettc add: caldum 
and sodium gluconates: oicystearin: monocalcium add. dibasic potassium, sodium aluminum, 
d^sic sodittm, monobasic sodhim, tribasic sodium ortho^^iosphates: caidum and sodium 
hexametaphosphate: tetrasooium and sodium pyrophosphate: sodium tripolyphosphate; 
caidum phytate: sodium and sodium potassium taitrates and the free add thereof: sodium 
thiosutfate: and mbctures of the aforementioned. 

1$. The compositton of daim 10 wherein said coated phyllosiicate Is present In an amount In the 
fange of about a025 to 1 .5% by weight of the animal feed. 

1 7. The feed cornposftion of d^ 10 vvheretn said animal feed is pouitr/. swine or 

18. The composition of daim 10 wherein said mycotoxin is anatoxin. 

19. The composition of daim 10 wherein said mycotoxin is aflatoxia said phyllosilicate Is a high 
caldum/low sodium mommorillonrte day arxl said sequestrant is a phosphate or citrate salt 
present in an amount of atx)ut 2 to 10% based on the weight of said calcium montmorfllonite. 



20. The composition of claim 10 wherein said phosphate salt Is a condensed phosphate. 
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21. The composition of daim 20 vmeren said oondensed phosphate salt Is sodium acid > 
pyrophosphate. 

22. The composition of cJaim 20 wrwein sad condensed phosphate sait is sodium ackJ 
• hexameta^msphate. 

23. The composUon of datm 20 wherein said condensed phosphate satt is tetrasodium 
pyrophosphate. 

24. The compositksn of daim 10 wherwn said sequestrant is sodhjm citr^ 

25. A dry solid animal feed composftion in which the feed ts contaminated with a mycotoidn 
selected from a group consisting of aflatoxin B1. dOGxynivalenol. zearalenone. ochratoxin A. 
ctoWn Of T-2 tojdn, admbced with from about a025 to 1.5% l>y weight of a high calcium/low 
sodium tMTitonite that coated with from about 2 to 10% by weight of a s^ 

26. The composition of daim 25 wherein said feed ts a dry poultry, swine or dairy feed. 
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FIG, 3 
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